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1

DISPLAY DEVICE INCLUDING AN
INORGANIC PATTERN POSITIONED IN A
PERIPHERAL AREA OF THE SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from and the benefit of
Korean Patent Application No. 10-2020-01483598, filed on
Nov. 9, 2020, which 1s hereby incorporated by reference for
all purposes as 1f fully set forth herein.

BACKGROUND

Field

Embodiments of the invention relate generally to a dis-
play device and a manufacturing method thereof.

Discussion of the Background

A display device 1s a device for displaying images on a
screen, and includes a liquid crystal display (LCD) and an
organic light emitting diode (OLED). A display device 1s
used 1n various electronic devices, such as portable phones,
GPS, digital cameras, electronic books, portable game
devices, or various terminals. Recently, usages of the elec-
tronic devices have been integrated, for example, a camera
may be installed 1 a cell phone.

In this 1nstance, an opening may be formed 1n a prede-
termined region of the display device of the cell phone so as
to install the camera in the cell phone. At this time, a layer
exposed by formation of the opening may be contaminated
from the outside. Further, as the layer i1s further contami-
nated, elements positioned around the opening may not be
normally operated.

The above miformation disclosed i1n this Background
section 1s only for enhancement of understanding of the
background of the described technology, and therefore 1t
may contain information that does not form the prior art that
1s already known 1n this country to a person of ordinary skill
in the art.

The above nformation disclosed in this Background
section 1s only for understanding of the background of the
inventive concepts, and, therefore, 1t may contain informa-
tion that does not constitute prior art.

SUMMARY

Embodiments of the present invention provide a display
device for improving reliability of a device 1n a peripheral
area surrounding an opeming, and a manufacturing method
thereof.

Additional features of the mventive concepts will be set
forth 1n the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the mventive concepts.

An embodiment provides a display device including: a
substrate 1ncluding a display area, an opening area posi-
tioned 1n the display area, and a peripheral area positioned
between the opening arca and the display area; a transistor
positioned 1n the display area of the substrate; a first elec-
trode connected to the transistor; a second electrode posi-
tioned on the first electrode; an 1norganic pattern portion
positioned 1n the peripheral area of the substrate; and an
intermediate layer positioned between the first electrode and
the second electrode, and including at least one organic layer
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2

positioned on the 1organic pattern portion. The 1norganic
pattern portion includes a plurality of inorganic patterns
spaced apart from each other.

The intermediate layer may be positioned on an upper
surface of the 1norganic pattern portion, and not on a lateral
surface of the morganic pattern portion.

The intermediate layer may not be positioned among
adjacent 1norganic patterns.

The intermediate layer positioned 1n the display area may
be separated from the intermediate layer positioned on the
inorganic pattern portion.

The second electrode may not overlap the inorganic
pattern portion.

The display device may further include an 1norganic
insulating layer positioned among a plurality of layers
configuring the transistor. The inorganic pattern portion may
include a same maternial as the morganic msulating layer.

The 1norganic insulating layer may include a first inor-
ganic insulating layer and a second inorganic insulating
layer, and the morganic pattern may include a first inorganic
pattern layer including a same material as the first inorganic
insulating layer, and a second inorganic pattern layer includ-
ing a same material as the second 1norganic msulating layer.

The 1norganic msulating layer may include at least three
inorganic sulating layers, and the norganic pattern may
include at least three mnorganic pattern layers including the
same material as the inorganic insulating layer.

An end of the inorganic insulating layer may be posi-
tioned on a boundary portion between the display area and
the peripheral area, and the itermediate layer may be
separated at the end of the morganic mnsulating layer.

The intermediate layer may be positioned on an upper
surface of the end of the morganic 1nsulating layer, and not
on a lateral surface of the mnorganic sulating layer.

An angle between a lateral surface of the inorganic pattern
and an upper surface of the substrate may be equal to or
greater than 75 degrees and equal to or less than 120 degrees.

The lateral surface of the mmorganic pattern may be per-
pendicular to the upper surface of the substrate.

-

T'he morganic pattern may have a reverse taper shape.

The opening area may overlap an electronic module.
The mtermediate layer may include an organic function
layer, and the organic function layer may include at least one
of a hole imjection layer, a hole transporting layer, an
clectron transporting layer, and an electron injection layer.

Another embodiment provides a method for manufactur-
ing a display device, including: forming an norganic insu-
lating layer and a transistor 1n a display area of a substrate;
forming an inorganic pattern portion and a sacrificial layer
in an opening area positioned in a display area of the
substrate and 1n a peripheral area positioned between the
opening area and the display area; forming a first electrode
connected to the transistor; forming an intermediate material
layer entirely on the substrate; forming a second electrode
material layer on the intermediate material layer; and sepa-
rating the sacrificial layer, a portion of the intermediate
matenal layer and a portion of the second electrode material
layer positioned on the sacrificial layer from the substrate by
irradiating laser beams to the inorganic pattern portion.

The 1morganic pattern portion may include a plurality of
inorganic patterns spaced apart from each other, and the
sacrificial layer may be formed on a lateral surface of the
inorganic pattern portion.

The 1norganic pattern portion may include the same
material as at least part of the inorganic msulating layer, the
sacrificial layer may include the same maternial as at least

some of a plurality of layers configuring the transistor, and
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an angle between a lateral surface of the morganic pattern
and an upper surface of the substrate may be equal to or
greater than 75 degrees and equal to or less than 120 degrees.

The intermediate maternal layer positioned on the lateral
surface of the inorganic pattern may be removed and the
intermediate material layer positioned on the upper surface

of the morganic pattern may remain by the irradiation of
laser beams.

The second electrode material layer positioned on the
inorganic pattern and among the inorganic patterns may be
removed by the wrradiation of laser beams.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF TH.

(Ll

DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated 1n and constitute a part of this specification, illustrate
exemplary embodiments of the invention, and together with
the description serve to explain the mventive concepts.

FIG. 1 illustrates an exploded perspective view of a
display device according to an embodiment.

FIG. 2 illustrates a cross-sectional view of a display
device according to an embodiment.

FIG. 3 1llustrates a top plan view of constituent elements
of a display panel according to an embodiment.

FI1G. 4 illustrates a top plan view of an enlarged region A
of FIG. 1 and FIG. 3.

FIG. 5A 1illustrates a cross-sectional view of a display
panel corresponding to a display area.

FIG. 5B illustrates a circuit diagram of a display device
according to an embodiment.

FIG. 6A 1llustrates a cross-sectional view of a display
panel on which a peripheral area and an opening area are
positioned.

FIG. 6B illustrates a cross-sectional view of an enlarged
part of a peripheral area.

FIG. 6C illustrates an enlarged cross-sectional view of a
variation of a display device according to an embodiment.

FIGS. 7, 8, 9, 10, 11, and 12 1llustrate processing cross-
sectional views of a process for manufacturing a display
device according to an embodiment.

FIG. 13 illustrates a top plan view of an inorganic pattern
portion of a display device according to an embodiment.

FI1G. 14 illustrates a cross-sectional view of an inorganic
pattern portion of a display device according to an embodi-
ment.

FIG. 15 illustrates a cross-sectional view of an enlarged
portion of FIG. 14.

FIG. 16 1illustrates a cross-sectional view of a display
device according to an embodiment.

FIG. 17 1llustrates a cross-sectional view of some stages
in a process for manufacturing a display device according to
an embodiment.

FIG. 18 illustrates a cross-sectional view of a display
device according to an embodiment.

FIG. 19 1llustrates a cross-sectional view of some stages
in a process for manufacturing a display device according to
an embodiment.

FIG. 20A 1llustrates a cross-sectional view of a display
device according to an embodiment.

FI1G. 20B 1illustrates a cross-sectional view of an enlarged

portion of FIG. 20A.
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FIG. 21 illustrates a cross-sectional view of some stages
in a process for manufacturing a display device according to
an embodiment.

DETAILED DESCRIPTION

In the following description, for the purposes of expla-
nation, numerous specific details are set forth 1 order to
provide a thorough understanding of various exemplary
embodiments of the ivention. As used herein “embodi-
ments” are non-limiting examples of devices or methods
employing one or more of the inventive concepts disclosed
heremn. It 1s apparent, however, that various exemplary
embodiments may be practiced without these specific details
or with one or more equivalent arrangements. In other
istances, well-known structures and devices are shown 1n
block diagram form 1n order to avoid unnecessarily obscur-
ing various exemplary embodiments. Further, various exem-
plary embodiments may be different, but do not have to be
exclusive. For example, specific shapes, configurations, and
characteristics of an exemplary embodiment may be used or
implemented in another exemplary embodiment without
departing from the inventive concepts.

Unless otherwise specified, the illustrated exemplary
embodiments are to be understood as providing exemplary
features of varying detaill of some ways in which the
inventive concepts may be implemented in practice. There-
fore, unless otherwise specified, the features, components,
modules, layers, films, panels, regions, and/or aspects, eftc.
(heremafiter individually or collectively referred to as “ele-
ments”), ol the various embodiments may be otherwise
combined, separated, interchanged, and/or rearranged with-
out departing from the inventive concepts.

The use of cross-hatching and/or shading 1n the accom-
panying drawings 1s generally provided to clarity boundaries
between adjacent elements. As such, neither the presence
nor the absence of cross-hatching or shading conveys or
indicates any preference or requirement for particular mate-
rials, material properties, dimensions, proportions, common-
alities between 1llustrated elements, and/or any other char-
acteristic, attribute, property, etc., of the elements, unless
specified. Further, in the accompanying drawings, the size
and relative sizes of elements may be exaggerated for clarity
and/or descriptive purposes. When an exemplary embodi-
ment may be implemented differently, a specific process
order may be performed differently from the described order.
For example, two consecutively described processes may be
performed substantially at the same time or performed in an
order opposite to the described order. Also, like reference
numerals denote like elements.

When an element, such as a layer, 1s referred to as being
“on,” “connected to,” or “coupled to” another element or
layer, 1t may be directly on, connected to, or coupled to the
other element or layer or intervening elements or layers may
be present. When, however, an element or layer 1s referred
to as being “directly on,” “directly connected to,” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. To this end, the term
“connected” may refer to physical, electrical, and/or fluid
connection, with or without intervening elements. Further,
the D1-axis, the D2-axis, and the D3-axis are not limited to
three axes of a rectangular coordinate system, such as the x,
y, and z-axes, and may be interpreted 1n a broader sense. For
example, the D1-axis, the D2-axis, and the D3-axis may be
perpendicular to one another, or may represent diflerent
directions that are not perpendicular to one another. For the
purposes of this disclosure, “at least one of X, Y, and Z”” and
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“at least one selected from the group consisting of X, Y, and
/> may be construed as X only, Y only, Z only, or any
combination of two or more of X, Y, and Z, such as, for
mstance, XYZ, XYY, YZ, and Z7. As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items.

Although the terms “first,” “second,” etc. may be used
herein to describe various types of elements, these elements
should not be limited by these terms. These terms are used
to distinguish one element from another element. Thus, a
first element discussed below could be termed a second
clement without departing from the teachings of the disclo-
sure.

Spatially relative terms, such as “beneath,” “below,”
“under,” “lower,” “above,” “upper,” “over,” “higher,” “side”
(e.g., as 1n “‘sidewall”), and the like, may be used herein for
descriptive purposes, and, thereby, to describe one elements
relationship to another element(s) as illustrated in the draw-
ings. Spatially relative terms are intended to encompass
different orientations of an apparatus in use, operation,
and/or manufacture in addition to the orientation depicted 1n
the drawings. For example, i1 the apparatus in the drawings
1s turned over, elements described as “below” or “beneath”
other elements or features would then be oriented “above”
the other elements or features. Thus, the exemplary term
“below” can encompass both an ornientation of above and
below. Furthermore, the apparatus may be otherwise ori-
ented (e.g., rotated 90 degrees or at other orientations), and,
as such, the spatially relative descriptors used herein inter-
preted accordingly.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments and 1s not intended to be limut-
ing. As used herein, the singular forms, “a,” “an,” and “the”
are mtended to include the plural forms as well, unless the
context clearly indicates otherwise. Moreover, the terms
“comprises,” “‘comprising,” “includes,” and/or “including,”
when used 1n this specification, specily the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. It 1s also noted that, as used herein, the terms
“substantially,” “about,” and other similar terms, are used as
terms of approximation and not as terms of degree, and, as
such, are utilized to account for inherent deviations 1n
measured, calculated, and/or provided values that would be
recognized by one of ordinary skill in the art.

Various exemplary embodiments are described herein
with reference to sectional and/or exploded illustrations that
are schematic 1llustrations of i1dealized exemplary embodi-
ments and/or intermediate structures. As such, variations
from the shapes of the illustrations as a result, for example,
of manufacturing techmques and/or tolerances, are to be
expected. Thus, exemplary embodiments disclosed herein
should not necessarily be construed as limited to the par-
ticular 1llustrated shapes of regions, but are to include
deviations in shapes that result from, for instance, manufac-
turing. In this manner, regions illustrated 1n the drawings
may be schematic 1n nature and the shapes of these regions
may not reflect actual shapes of regions of a device and, as
such, are not necessarily intended to be limiting.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this disclosure 1s a part. Terms, such as those defined
in commonly used dictionaries, should be interpreted as
having a meaning that 1s consistent with their meaning in the
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context of the relevant art and should not be mterpreted 1n
an 1dealized or overly formal sense, unless expressly so
defined herein.

A display device according to an embodiment will now be
described with reference to FIG. 1 to FIG. 3. FIG. 1 shows
an exploded perspective view of a display device according
to an embodiment, FIG. 2 shows a cross-sectional view of a
display device according to an embodiment, and FIG. 3
shows a top plan view of constituent elements of a display
panel according to an embodiment.

Referring to FIG. 1 and FIG. 2, the display device 1000
displays 1images 1n a third direction DR3 on a plane defined
by a first direction DR1 and a second direction DR2. A front
surface (or a top surface) and a rear surface (or a bottom
surface) ol respective members are distinguished by the
third direction DR3. Directions 1indicated by the first to third
directions DR1, DR2, and DR3 are relative concepts and
may be changed into other directions.

The display device 1000 includes a cover window (WU),
a display panel (DP), and a housing member (HM). In the
present embodiment, the display device 1000 may be con-
figured by combining the cover window (WU), the display
panel (DP), and the housing member (HM).

The cover window (WU) 1s disposed on the display panel
(DP) to protect the display panel (DP). The cover window
(WU) may include a transmission area (TA) and a blocking
arca (BA). The transmission area (TA) 1s an optically
transparent region, and 1t may be a region for transmitting,
light. The blocking area (BA) may have relatively low light
transmittance, compared to the transmission area (TA). The
blocking area (BA) defines a shape of the transmission area
(TA). The blocking area (BA) may surround the transmis-
sion area (TA). The blocking area (BA) may express a
predetermined color. The blocking areca (BA) may overlap
the non-display area (PA) of the display panel (DP) to
prevent the non-display area (PA) from being visible from
the outside.

The cover window (WU) may include a first hole area
HA1 and a second hole area HA2. The first hole area HA1
and the second hole area HA2 may respectively overlap an

clectronic module (EM), to be described later. The electronic
module (EM) may receive external signals provided through
the first hole area HA1 and the second hole area HA2, and
may then be operated.

According to an embodiment, the first hole area HA1 may
be positioned in the transmission area (TA), and the second
hole area HA2 may be positioned 1n the blocking area (BA).
This 1s, however, only an example, and the first hole area
HA1 and the second hole area HA2 may be positioned 1n
regions that are opposite to each other, they may be posi-
tioned 1n the transmission area (TA), or they may be posi-
tioned 1n the blocking area (BA). Further, a number of the
hole areas 1s not limited to 2, and three or more hole areas
may be formed.

A predetermined denting portion that dents in a rear
surface of the cover window (WU) may be defined to the
first hole area HA1 and the second hole areca HA2. The
denting portion may include a groove having a depth that 1s
less than the thickness of the cover window (WU) or an
opening.

The first hole area HA1 and the second hole areca HA2
may have diflerent shapes. The first hole area HA1 may have
a circular shape 1 a plan view, and the second hole area
HA2 may have an oval shape with a long axis extending 1n
the first direction DR1 1n a plan view. The shapes of the first
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hole area HA1 and the second hole area HA2 are, however,
not limited thereto, and the sizes or the shapes may be
modifiable 1n many ways.

The display panel (DP) may be a flat rigid display panel,
and without being limited thereto, it may be a flexible
display panel. The display panel according to an embodi-
ment may be an emissive display panel, but 1s not specifi-
cally limited thereto. For example, the display panel may be
an organic light emitting panel or a quantum dot light
emitting display panel. An emission layer of the organic
light emitting panel may be an organic light emitting mate-
rial. The emission layer of the quantum dot light emitting,
display panel may include a quantum dot and a quantum rod.
Hereinaftter, the display panel will be described as an organic
light emitting panel.

The display panel (DP) displays an image on the front
surface. The front surface of the display panel (DP) includes
a display area (DA) and a non-display area (PA). The image
1s displayed 1n the display area (DA). The non-display area
(PA) may surround the display area (DA).

The display panel (DP) may include a plurality of pixels
PXs positioned 1n the display area (DA). The pixels (PX)
may display light 1n response to an electrical signal. Light
displayed by the pixels (PX) may realize images. A number
of transistors and capacitors included by one pixel (PX) and
a connection relationship thereof are changeable 1n many
ways.

The display panel (DP) may include an opening area
(DTA) penetrating through the display panel (DP). The
opening area (DTA) may be positioned in the display area
(DA). The region A 1 which the opening areca (DTA) 1s
positioned will be described 1n a later portion of the present
specification. The opening area (D'TA) may overlap the first
hole area HA1 of the cover window (WU). Some of a
plurality of pixels (PX) may be disposed to surround the
opening area (DTA). Therefore, the 1mage may also be
displayed to the region positioned near the opening area
(DTA).

The display panel (DP) includes a non-display area (PA)
which extends from the display area (DA) and 1n which a
plurality of signal lines and a pad unit are positioned. A data
driver 50 may be positioned in the non-display area (PA).
According to an embodiment, the pad unit of the non-display
area (PA) may be electrically connected to the printed circuit
board (PCB) including a drniving chip 80, which will be
described with reference to FIG. 3.

As shown 1n FIG. 2, an adhesive layer (AD) for combin-
ing the display panel (DP) and the cover window (WU) may
be positioned between the display panel (DP) and the cover
window (WU). Although not shown 1n the present specifi-
cation, a touch unit positioned between the display panel
(DP) and the cover window (WU) may be further included.
The touch umit may be disposed on the display panel (DP)
for a touchscreen function of the display device 1000. The
touch unit may include a touch electrode with various
patterns, and 1t may be a resistive type or a capacitive type.

The electronic module (EM) includes various functional
modules for operating the display device 1000. The elec-
tronic module (EM) may be electrically connected to the
display panel (DP) through a connector (not shown). For
example, the electronic module (EM) may be a camera, a
speaker, or a light or heat sensor.

The electronic module (EM) may include a first electronic
module EM1 and a second electronic module EM2. The first
clectronic module EM1 may sense an external object
received through the opening area (DTA) and the first hole
area HA1. The first electronic module EM1 may receive an
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external 1mput transmitted through the opening area (DTA)
and the first hole area HA1l, or may provide an output
through the opening area (DTA) and the first hole area HAL.

For example, the first electronic module EM1 may be at
least one of a light emitting module, a light sensing module,
and a photographing module. For example, the first elec-
tronic module EM1 may include at least one of a light
emitting module for outputting infrared rays, a CMOS
sensor for sensing infrared rays, and a camera module for
photographing external objects.

The second electronic module EM2 may collect a sound
signal, such as voice, through the second hole area HA2, or
may provide the processed sound signal, such as voice, to
the outside. For example, the second electronic module EM2
may include at least one of a sound iput module and a
sound output module. The sound mput module may include
a microphone for recerving a sound signal. The sound output
module may include a speaker for outputting sound data as
sound signals.

This 1s, however, an example, and the electronic module
(EM) may be configured with a single module, may further
include a greater number of electronic modules, or may be
arranged according to various disposal relationships, and 1t
1s not limited to one of embodiments.

The housing member (HM) 1s disposed on a lower surface
of the display panel (DP). The housing member (HM) 1s
combined to the cover window (WU) to configure an
exterior of the display device 1000. The housing member
(HM) may include a matenial with relatively high rigidity.
For example, the housing member (HM) may include a
plurality of frames and/or plates made of glass, plastic, or
metal.

The housing member (HM) provides a predetermined
receiving space. The display panel (DP) may be received in
the recerving space and may be protected from external
impacts.

Referring to FIG. 3, the display panel (DP) includes a
substrate (SUB) including a display area (DA) and a non-
display area (PA). The non-display area (PA) may be defined
along the edge of the display area (DA).

The display panel (DP) includes a plurality of pixels (PX).
A plurality of pixels (PX) may be disposed in the display
area (DA) of the substrate (SUB). The respective pixels (PX)
include a light-emitting device and a driving circuit unit
connected to the same. The respective pixels (PX) may, for
example, emit red, green, blue, or white light, and may, for
example, include an organic light emitting diode.

The display panel (DP) may include a plurality of signal
lines and pad units. A plurality of signal lines may include
a scan line (SL) extending 1n the first direction DR1, a data
line (DL) extending in the second direction DR2, and a
driving voltage line (PL).

The scan driver 20 generates a scan signal and transmuits
it to the respective pixels (PX) through the scan line (SL).
According to an embodiment, the scan driver 20 may be
disposed on a left side and a right side of the display area
(DA). The present specification describes a configuration 1n
which the scan driver 20 1s disposed on respective sides of
the substrate (SUB), but the scan driver may be disposed on
one side of the substrate (SUB) according to another
embodiment.

The pad unit (PAD) 1s disposed at one end of the display
panel (DP), and includes a plurality of terminals (P1, P2, P3,
and P4). The pad unit (PAD) may not be covered by an
insulating layer but may be exposed to thereby be electr-
cally connected to the printed circuit board (PCB). The pad
umit (PAD) may be electrically connected to the pad umit
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(PCB_P) of the printed circuit board (PCB). The printed
circuit board (PCB) may transmit a signal of an IC driving
chuip 80 or a power voltage to the pad unit (PAD).

The controller converts a plurality of image signals trans-
mitted from the outside 1into a plurality of image data signals,
and transmits the converted signals to the data driver 50
through the terminal P1. Further, the controller may receive
a vertical synchronization signal, a horizontal synchronizing
signal, and a clock signal, may generate a control signal for
controlling the scan driver 20 and the data driver 50, and
may transmit the control signal to elements through the
terminals P3 and P1. The controller transmits a driving
voltage (ELVDD) to the drniving voltage supply wire 60
through the termunal P2. The controller also transmits a
common voltage (ELVSS) to the respective common voltage
supply wires 70 through the terminal P4.

The data driver 50 1s disposed in the non-display area
(PA), and it generates a data signal and transmits the same
to the respective pixels (PX). The data driver 50 may be
disposed on one side of the display panel (DP), and for
example, 1t may be disposed between the pad unit (PAD) and
the display area (DA).

The driving voltage supply wire 60 1s disposed in the
non-display area (PA). For example, the driving voltage
supply wire 60 may be disposed between the data driver 50
and the display area (DA). The dniving voltage supply wire
60 provides the driving voltage (ELVDD) to the pixels (PX).
The driving voltage supply wire 60 1s disposed 1n the first
direction DR1, and 1t may be connected to a plurality of
driving voltage lines (PL) disposed in the second direction
DR2.

The common voltage supply wire 70 1s disposed in the
non-display area (PA). The common voltage supply wire 70
may surround the substrate (SUB). The common voltage
supply wire 70 transmits the common voltage (ELVSS) to
one electrode (e.g., a second electrode) of the light-emitting
device included by the pixel (PX).

The region A including the opening area (DTA) shown in
FIG. 3 will now be described with reference to FIG. 4. FIG.
4 shows a top plan view of enlarging a region A of FIG. 1
and FIG. 3.

Referring to FIG. 4 together with the above-described
drawings, the display panel (DP) includes a plurality of
signal lines (SL and DL) positioned on the substrate, and a
plurality of pixels (PX). A plurality of pixels (PX) may be
respectively connected to a plurality of signal lines (SL and

DL). FIG. 4 illustrates a scan line (SL) and a data line (DL)

from among a plurality of signal lines. This 1s, however, an
example, and the respective pixels PX according to an
embodiment may be additionally connected to various signal
lines and are not limited to one embodiment.

The hole area (HA) included by the display panel (DP)
includes an opening area (DTA) and a peripheral area (LA)
surrounding the opening area (DTA).

The penipheral area (LA) surrounds an external portion of
the opening area (DTA). The peripheral area (LA) may be
positioned between the opening area (DTA) and the display
area (DA). The peripheral area (LA) may prevent wires from
being damaged when laser beams are 1rradiated to form an
opening area (DTA). It 1s needed to maintain a minimum
width of the peripheral area (LA).

An 1norganic pattern portion (IOP) and dams D1 and D2
may be positioned in the peripheral area (LA). In this
instance, the morganic pattern portion (I0P) may be posi-
tioned between the opeming area (DTA) and the dams D1
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and D2. That 1s, the mnorganic pattern portion (IOP) may be
positioned nearer the opening area (DTA) than the dams D1

and D2 are.

The scan line (SL) and the data line (DL) may have a
semicircular structure, may overlap the peripheral area (LA),
and may detour around the opeming area (DTA). A plurality
of scan lines (SL) extend in a horizontal direction along a
peripheral side of the opening area (D'TA). Here, a plurality
of scan lines (SL) may be configured with a scan line, an
emission control line, and an mmitialization voltage line
according to a signal. A plurality of data lines (DL) extend
in a vertical direction along a peripheral side of the opening
area (DTA). A plurality of data lines (DL) may be configured
with a driving voltage line and a low drniving voltage line
according to a signal. According to an embodiment, a
plurality of scan lines (SL) and a plurality of data lines (DL)
may be changed.

A portion surrounding the opening area (DTA) will now
be described with reference to FIG. 5A, FIG. 5B, FIG. 6A,

FIG. 6B, and FIG. 6C.

FIG. SA shows a cross-sectional view of a display panel
corresponding to a display area, and FIG. 5B shows a circuit
diagram of a display device according to an embodiment.
FIG. 6 A shows a cross-sectional view of a display panel on
which a peripheral area and an opening area are positioned,
FIG. 6B shows a cross-sectional view of an enlarged part of
a peripheral area, and FIG. 6C shows an enlarged cross-
sectional view of a vanation of a display device according
to an embodiment.

A stacking structure of a display area (DA) will now be
described with reference to FIG. 5A.

The substrate (SUB) according to an embodiment may
include an morganic insulating material, such as glass, or an
organic insulating material, such as plastic, such as a poly-
imide (PI). The substrate (SUB) may be single or multi-
layered. The substrate (SUB) may have a structure in which
at least one base layer including sequentially stacked poly-
mer resin and at least one inorganic layer are alternately
stacked.

The substrate (SUB) may have various degrees of tlex-
ibility. The substrate (SUB) may be a rigid substrate or a
flexible substrate that may be bent, folded, or rolled.

A buller layer (BF) may be positioned on the substrate
(SUB). The bufler layer (BF) may stop degradation of a
characteristic of the semiconductor layer (SC), and may ease
a stress by preventing impurities from being transmitted to
an upper layer of the bufler layer (BF), particularly the
semiconductor layer (SC), from the substrate (SUB). The
bufler layer (BF) may include an mnorganic insulating mate-
rial or an organic mnsulating material, such as a silicon nitride
or a silicon oxide. All or part of the bufler layer (BF) may
be omitted.

A semiconductor layer (SC) 1s positioned on the buller
layer (BF). The semiconductor layer (SC) may include at
least one of polysilicon and an oxide semiconductor. The
semiconductor layer (SC) includes a channel region (C), a
first region (S), and a second region (D). The first region (S)
and the second region (D) are disposed on respective sides
of the channel region (C). The channel region (C) may
include a semiconductor to which a small amount of 1mpu-
rity 1s doped compared to the first region (S) and the second
region (D) or to which no impunty i1s doped, and the first
region (S) and the second region (D) may include a semi-
conductor to which a large amount of impurity 1s doped
compared to the channel region (C). The semiconductor
layer (SC) may be made of an oxide semiconductor, and 1n
this case, a protective layer (not shown) may be added to
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protect the oxide semiconductor material that 1s weak
against external conditions such as a high temperature.

A first 1norganic msulating layer 111 1s positioned on the
semiconductor layer (SC). The first 1norganic insulating
layer IL1 may be a single layer or a multilayer including at
least one of a silicon oxide (S10_), a silicon nitride (S1N),
and a silicon oxynitride (S10,N,).

A gate electrode (GE) and a first capacitor electrode
(CE1) are positioned on the first inorganic msulating layer
IL1. The gate electrode (GE) and the first capacitor electrode
(CE1) may be a single layer or a multilayer on which a metal
layer including one of copper (Cu), a copper alloy, alumi-
num (Al), an aluminum alloy, molybdenum (Mo), and a
molybdenum alloy 1s stacked. The gate electrode (GE) may
overlap the channel region (C) of the semiconductor layer
(SC).

A second 1norganic insulating layer 1L.2 1s positioned on
the gate electrode (GE) and the first morganic insulating
layer ILL The second 1norganic insulating layer 1L.2 may be
a single layer or a multilayer including at least one of a
silicon oxide (S10_), a silicon nitride (SiN ), and a silicon
oxynitride (S10,N,).

An upper electrode (AE) and a second capacitor electrode
(CE2) are positioned on the second inorganic insulating
layer IL2. The second capacitor electrode (CE2) and the
upper electrode (AE) may be different portions of one
conductive pattern. The second capacitor electrode (CE2)
may be electrically connected to the upper electrode (AE).

The second capacitor electrode (CE2) and the upper
clectrode (AE) may be a single layer or a multilayer on
which a metal layer including one of copper (Cu), a copper
alloy, aluminum (Al), an aluminum alloy, molybdenum
(Mo), and a molybdenum alloy 1s stacked.

A third morganic msulating layer IL3 1s positioned on the
upper electrode (AE) and the second capacitor electrode
(CE2). The third inorganic insulating layer 1.3 may be a
single layer or a multilayer including at least one of a silicon
oxide (510,), a silicon nitride (SiN_), and a silicon oxyni-
tride (S10,N,).

A source electrode (SE) and a drain electrode (DE) are
positioned on the third inorganic insulating layer 1L.3. The
source electrode (SE) and the drain electrode (DE) are
respectively connected to the first region (S) and the second
region (D) of the semiconductor layer (SC) through contact
holes formed 1n the first, second, and third mnorganic 1nsu-
lating layers IL.1, I1L2, and IL3.

The source electrode (SE) and the drain electrode (DE)
may include aluminum (Al), platinum (Pt), palladium (Pd),
silver (Ag), magnesium (Mg), gold (Au), nickel (N1), neo-
dymium (Nd), ndium (Ir), chromium (Cr), nickel (Ni),
calcium (Ca), molybdenum (Mo), titantum (11), tungsten
(W), and/or copper (Cu), and they may be a single-layered
or multi-layered structure including the same.

A first organic msulating layer 1.4 and a second organic
insulating layer IL5S are sequentially positioned on the third
inorganic insulating layer I3, the source electrode (SE),
and the drain electrode (DE). The first organic insulating
layer IL4 and the second organic insulating layer ILS may
include an organic insulating material mcluding a general
purpose polymer such as poly(methyl methacrylate) or poly-
styrene, a polymer derivative having a phenol-based group,
an acryl-based polymer, an imide-based polymer, a polyim-
ide, an acryl-based polymer, and a siloxane-based polymer.

A connecting member (CE) may be positioned between
the first organic msulating layer 1.4 and the second organic
insulating layer ILS. The connecting member (CE) may
connect the drain electrode (DE) and the first electrode (E1).
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However, without being limited thereto, the drain electrode
(DE) may be directly connected to the first electrode (E1)
without a connecting member depending on embodiments.

A first electrode (E1) 1s positioned on the second organic
insulating layer IL5. The first electrode (E1) 1s connected to
the connecting member (CE) through a contact hole of the
second organic msulating layer ILS. The first electrode (E1)
1s electrically connected to the drain electrode (DE).

The first electrode (E1) may include a metal, such as
silver (Ag), lithtum (L1), calcium (Ca), aluminum (Al),
magnesium (Mg), or gold (Au), and may include a trans-

parent conductive oxide (TCO) such as an mdium tin oxide
(ITO) or an indium zinc oxide (170). The first electrode (E1)
may be made of a single layer including a metal material or
a transparent conductive oxide, or a multilayer including the
same. For example, the first electrode (E1) may have a
triple-layered structure of indium tin oxide (ITO)/silver
(Ag)/indium tin oxide (ITO).

The transistor formed of a gate electrode (GE), a semi-
conductor layer (SC), a source electrode (SE), and a drain
clectrode (DE) 1s connected to the first electrode (E1) and
supplies a current to the light-emitting device (LD).

A partition wall IL6 and a spacer IL7 are positioned on the
second organic msulating layer IL5 and the first electrode
(E1).

The partition wall IL.6 includes an opening overlapping at
least part of the first electrode (E1) and defining a light
emitting region. The opening may have a substantially
similar planar shape to the first electrode (E1). The opening
may have a rhombus shape 1n a plan view or an octagonal
shape that 1s similar to the rhombus, but without being
limited thereto, it may have various shapes, such as a
quadrangle, a polygon, a circle, or an oval.

The partition wall IL6 and the spacer I1L7 may include an
organic insulating material including a general purpose
polymer such as poly(methyl methacrylate) or polystyrene,
a polymer derivative having a phenol-based group, an acryl-
based polymer, an imide-based polymer, a polyimide, an
acryl-based polymer, and a siloxane-based polymer.

An intermediate layer (EL) 1s positioned on the first
clectrode (E1) overlapping the opening. The intermediate
layer (EL) may include at least one organic layer, and may
be made mto a multilayer. The intermediate layer (EL) may
include an emission layer and an organic function layer. The
emission layer may include an organic material and/or an
inorganic material. Further, the organic function layer may
include a hole 1mnjection layer (HIL), a hole transporting layer
(HTL), an electron transporting layer (E'TL), and an electron
injection layer (FIL). The imtermediate layer (EL) may
generate a predetermined colored light. The intermediate
layer (EL) 1s illustrated to be positioned 1n the display area
(DA) and the peripheral area (LA), and at least part of the
intermediate layer (EL) may be positioned in the display
area (DA) and may not be positioned 1n the peripheral area
(LA). For example, the emission layer may be positioned 1n
the opening of the partition wall IL6 by using a mask. In this
instance, the emission layer 1s positioned 1n the display area
(DA), and 1s not positioned 1n the peripheral area (LA). The
organic function layer may be positioned in the display area
(DA) and the peripheral area (LA).

A second electrode (E2) 1s positioned on the intermediate
layer (EL). The second electrode (E2) may include a retlec-
tive metal including calcium (Ca), barium (Ba), magnesium
(Mg), aluminum (Al), silver (Ag), platinum (Pt), palladium
(Pd), gold (Au), nickel (N1), neodymium (Nd), iridium (Ir),
chromium (Cr), lithium (L1), and calctum (Ca), or a trans-
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parent conductive oxide (TCO), such as an indium tin oxide
(ITO) or an indium zinc oxide (1Z0).

The first electrode (E1), the intermediate layer (EL), and
the second electrode (E2) may configure a light-emitting
device (LD). Here, the first electrode (E1) may be an anode
that 1s a hole injecting electrode, and the second electrode
(E2) may be a cathode that 1s an electron 1njecting electrode.
However, 1s the inventive concepts are not limited thereto,
and the first electrode (E1) may be a cathode and the second
clectrode (E2) may be an anode according to a method for
driving an emissive display device.

Holes and electrons are injected into the organic interme-
diate layer (EL) from the first electrode (E1) and the second
clectrode (E2), and light emits when excitons that are a
combination of the injected holes and electrons fall to a
ground state from an excited state.

An encapsulation layer (ENC) 1s positioned on the second
clectrode (E2). The encapsulation layer (ENC) may cover an
upper surface of the light-emitting device (LD) and a lateral
surface thereof to seal the same. The light-emitting device 1s
very weak against moisture and oxygen, so the encapsula-
tion layer (ENC) seals the light-emitting device (LD) to
block an inflow of external moisture and oxygen.

The encapsulation layer (ENC) may include a plurality of
layers, and may be made of complex layers including an
inorganic layer and an organic layer, and for example, the
encapsulation layer (ENC) may be formed to be triple layers
configured by sequentially stacking a first encapsulating
inorganic layer (FIL1), an encapsulating organic layer
(EOL), and a second encapsulating mnorganic layer (EIL2).

The first encapsulating morganic layer (FIL1) may cover
the second electrode (E2). The first encapsulating inorganic
layer (FIL1) may prevent the external moisture or oxygen
from permeating into the light-emitting device (LD). For
example, the first encapsulating inorganic layer (EIL1) may
include a silicon nitride, a silicon oxide, or a combined
compound thereof. The first encapsulating 1norganic layer
(EIL1) may be made by a deposition process.

The encapsulating organic layer (EOL) may be disposed
on the first encapsulating morganic layer (EIL1) to contact
the first encapsulating inorganic layer (EIL1). Curves
formed on a top surface of the first encapsulating inorganic
layer (EIL1) or particles positioned on the first encapsulating
inorganic layer (EIL1) are covered by the encapsulating
organic layer (EOL), so a surface state of the top surface of
the first encapsulating inorganic layer (EIL1) may block an
influence applied to the constituent elements on the encap-
sulating organic layer (EOL). The encapsulating organic
layer (EOL) may also ease stress among the contact layers.
The encapsulating organic layer (EOL) may include an
organic material, and may be formed by a solution process,
such as a spin coating, a slit coating, or an inkjet process.

The second encapsulating inorganic layer (EIL2) 15 dis-
posed on the encapsulating organic layer (EOL) to cover the
encapsulating organic layer (EOL). The second encapsulat-
ing 1iorganic layer (FIL2) may be more stably positioned on
a relative planar side than 1s disposed on the first encapsu-
lating 1norganic layer (EIL1). The second encapsulating
inorganic layer (EIL2) encapsulates the moisture discharged
by the encapsulating organic layer (EOL) to prevent the
inflow thereol to the outside. The second encapsulating
iorganic layer (EIL2) may include a silicon nitride, a
s1licon oxide, or a combined compound thereot. The second
encapsulating morganic layer (FIL2) may be formed by a
deposition process.

Although not shown, a capping layer positioned between
the second electrode (E2) and the encapsulation layer (ENC)
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may be turther included. The capping layer may include an
organic material. The capping layer protects the second
clectrode (E2) from a subsequent process, for example, a
sputtering process, and improves light outputting efliciency
of the light-emitting device (LD). The capping layer may
have a greater refractive index than the first encapsulating
inorganic layer (EIL1).

One of the transistors included in one pixel has been
described, and each pixel may include a plurality of tran-
sistors. A plurality of transistors included in each pixel waill
now be exemplified with reference to FIG. 5B.

As shown 1n FIG. 5B, one pixel (PX) of the display device
according to an embodiment includes a plurality of transis-
tors T1, T2, T3, T4, T5, T6, and T7 connected to wires 127,
128, 151, 152, 153, 154, 155, 171, 172, and 741, a storage
capacitor (Cst), a boost capacitor (Cbt), and a light emitting
diode (LED).

One pixel (PX) 1s connected to a plurality of wires 127,
128, 151, 152, 153, 154, 155, 171, 172, and 741. A plurality
of wires include a first mitialization voltage line 127, a
second 1nitialization voltage line 128, a first scan signal line
151, a second scan signal line 152, an mitialization control
line 153, a bypass control line 154, a light emission control
line 1535, a data line 171, a driving voltage line 172, and a
common voltage line 741.

The first scan signal line 151 1s connected to a gate driver
(not shown), and transmits a first scan signal (GW) to the
second transistor T2. The second scan signal line 152 may
apply a voltage with opposite polarity to a voltage applied to
the first scan signal line 151 at the same time as the signal
of the first scan signal line 151. For example, when a voltage
with negative polarity 1s applied to the first scan signal line
151, a voltage with positive polarity may be applied to the
second scan signal line 152. The second scan signal line 152
transmits a second scan signal (GC) to the third transistor
T3.

The mitialization control line 153 transmits an 1nitializa-
tion control signal (GI) to the fourth transistor T4. The
bypass control line 154 transmits a bypass signal (GB) to the
seventh transistor 17. The bypass control line 154 may be
made of a first scan signal line 151 of a previous stage. The
light emission control line 155 transmits a light emission
control signal (EM) to the fifth transistor TS and the sixth
transistor T6.

The data line 171 transmits a data voltage (DATA) gen-
crated by a data driver (not shown), and luminance of light
emitted by the light emitting diode (LED) changes according
to the data voltage (DATA) applied to the pixel (PX).

The dniving voltage line 172 applies a driving voltage
(ELVDD). The first initialization voltage line 127 transmuits
a first imtialization voltage (VINT1), and the second initial-
ization voltage line 128 transmits a second initialization
voltage (VINT2). The common voltage line 741 applies a
common voltage (ELVSS) to a cathode of the light emitting
diode (LED). In the present embodiment, constant voltages
may be respectively applied to the driving voltage line 172,
the first and second 1nitialization voltage lines 127 and 128,
and the common voltage line 741.

A plurality of transistors may include a driving transistor
11, a second transistor T2, a third transistor T3, a fourth
transistor T4, a fifth transistor TS, a sixth transistor T6, and
a seventh transistor T7. A plurality of transistors may include
an oxide transistor including an oxide semiconductor and a
silicon transistor including a polycrystalline silicon semi-
conductor. For example, the third transistor T3 and the
fourth transistor T4 may be made of oxide transistors, and
the driving transistor T1, the second transistor T2, the fifth
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transistor TS5, the sixth transistor T6, and the seventh tran-
sistor T7 may be silicon transistors. They are, however, not
limited thereto, and a plurality of transistors may be silicon
transistors.

It has been described 1n the above that one pixel (PX)
includes seven transistors (T1 to 17), one storage capacitor
(Cst), and one boost capacitor (Cbt), and without being
limited thereto, the number of transistors and capacitors, and
a relationship thereof, are modifiable 1n many ways.

A hole area (HA) including an opening area (DTA) and a
peripheral area (LA) of the opening area (DTA) will now be
described with reference to FIG. 6A and FIG. 6B. The same
constituent elements as 1n the previous descriptions will be
omitted.

A bufler layer (BF) may be positioned in the peripheral
area (LA) of the substrate (SUB). The bufler layer (BF) may
be made 1nto a form extending from the display area (DA).
The bufler layer (BF) may be formed entirely 1n the periph-
cral area (LA) of the substrate (SUB).

The first morganic insulating layer ILL the second 1nor-
ganic insulating layer 112, the third inorganic insulating
layer IL3, the first organic insulating layer 114, the second
organic insulating layer ILS, the partition wall IL6, and the
spacer 1L7 may be positioned on a boundary between the
display area (DA) and the peripheral area (LA). That 1s, the
first morganic msulating layer ILL the second inorganic
insulating layer I1L2, the third inorganic insulating layer 113,
the first organic insulating layer 114, the second organic
insulating layer ILS, the partition wall IL6, and the spacer
IL7 positioned 1n the display area (DA) may extend to part
of the peripheral area (LLA). In this instance, the first organic
insulating layer 1.4 may be formed to cover lateral surfaces
of ends of the first inorganic isulating layer ILL the second
inorganic insulating layer 112, and the third inorganic nsu-
lating layer 1L3. Further, the second organic msulating layer
IL5 may be formed to cover a lateral surface of an end of the
first organic insulating layer 1L.4.

An 1norganic pattern portion (IOP) may be positioned on
the peripheral area (LA) of the substrate (SUB). A bufler
layer (BF) may be positioned between the peripheral area
(LA) of the substrate (SUB) and the inorganic pattern
portion (IOP). The inorganic pattern portion (IOP) may
include an 1norganic insulating material. The 1norganic
pattern portion (IOP) may include a plurality of norganic
patterns 500. A plurality of inorganic patterns 500 are spaced
apart from each other with a predetermined interval ther-
cbetween. A plurality of inorganic patterns 500 may be
spaced apart from each other with a constant interval ther-
cbetween. A width (W) of each 1norganic pattern 500 may
be equal to or greater than about 2 um. A space (SP) between
the adjacent inorgamic patterns 500 may be equal to or
greater than about 1.8 um, about 10 um. A thickness (TH) of
cach inorganic pattern 500 may be equal to or greater than
about 0.5 um. Each inorganic pattern 500 may be made nto
a single layer or a multilayer. For example, the inorganic
pattern 500 may include a first inorganic pattern layer 510
and a second 1inorganic pattern layer 3520. The second
inorganic pattern layer 520 may be positioned on the first
inorganic pattern layer 510. Although FIG. 6A illustrates
that the inorganic pattern 500 1s made into triple layers, the
inventive concepts are not so limited, and the norganic
pattern 500 may also be made into more than triple layers.

The first inorganic pattern layer 510 may be made of the
same material as the first inorganic msulating layer IL1. The
first 1norganic pattern layer 5310 may be simultaneously
formed 1n the same process as that of the first morganic
insulating layer 1L.1. The first inorganic pattern layer 510 1s
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not connected to the first inorganic insulating layer IL1 and
1s separated from the same. The second 1norganic pattern
layer 520 may be made of the same material as the second
inorganic msulating layer IL2. The second inorganic pattern
layer 520 may be simultaneously formed 1n the same process
as that of the second inorganic insulating layer IL2. The
second 1norganic pattern layer 520 1s not connected to the
second 1norganic isulating layer IL2 and 1s separated from
the same. The materials configuring the first inorganic
pattern layer 510 and the second inorganic pattern layer 520
are not limited thereto, and may be changed 1n various ways.
The first mnorganic pattern layer 510 may be made of the
same material as the second 1norganic msulating layer 112,
and the second 1norganic pattern layer 520 may be made of
the same maternal as the third 1norganic insulating layer 1L3.
The first inorganic pattern layer 510 may be made of the
same material as the first inorganic isulating layer ILL and
the second 1norganic pattern layer 520 may be made of the
same material as the third inorganic insulating layer IL3.

A lateral surface of the inorganic pattern 500 may be
formed to be perpendicular to an upper surface of the buller
layer (BF). This 1s, however, not limited thereto, and an
angle (0) between the lateral surface of the 1norganic pattern
500 and the upper surface of the bufler layer (BF) may be
about 75 degrees to about 120 degrees. The upper surface of
the bufler layer (BF) and the upper surface of the substrate
(SUB) may be substantially parallel to each other. Theretore,
the lateral surface of the inorganic pattern 500 may be
perpendicular to the upper surface of the substrate (SUB).
Further, the angle between the lateral surface of the inor-
ganic pattern 500 and the upper surface of the substrate
(SUB) may be about 75 degrees to about 120 degrees.

As shown in FIG. 4, the inorganic pattern portion (I0OP)
may have a ring shape surrounding the opening area (DTA)
in a plan view. This 1s, however, merely an example, and the
inorganic pattern portion (IOP) may have a diflerent shape
from the opening area (DTA). For example, the mmorganic
pattern portion (IOP) may have a closed line shape including
a polygon, an oval, or at least a partial curved line, or may
be provided 1n a shape including a plurality of patterns that
are partly disconnected, and 1t 1s not limited to one embodi-
ment.

An mntermediate layer (EL) may be positioned on the
inorganic pattern portion (I0P). The intermediate layer (EL)
positioned on the inorganic pattern portion (IOP) 1s not
connected to the intermediate layer (EL) positioned in the
display area (DA) and 1s separated therefrom. The interme-
diate layer (EL) may be positioned on an upper surface of
the inorganic pattern 500. The intermediate layers (EL)
positioned on the respective morganic patterns 500 are not
connected to each other but are separated from each other.
The intermediate layer (EL) may not be positioned on lateral
surfaces of the respective inorganic patterns 500. The inter-
mediate layer (EL) may not be positioned between the
adjacent 1morganic patterns 500. However, the intermediate
layer (EL) 1s not limited thereto, and as shown 1n FIG. 6C,
the intermediate layer (EL) may be positioned between the
inorganic patterns 500. In this instance, the intermediate
layer (EL) positioned on the inorganic pattern 500 1s not
connected to the intermediate layer (EL) positioned between
the morganic patterns 500, and they are separated from each
other.

A second electrode (E2) 1s not positioned on the 1inorganic
pattern portion (IOP). That 1s, the second electrode (E2) 1s
not positioned on the intermediate layer (EL) overlapping
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the 1norganic pattern portion (IOP). Therefore, the second
clectrode (E2) does not overlap the mnorganic pattern portion
(IOP).

At least two dams D1 and D2 may be positioned 1n the
peripheral area (LA). For example, the first dam D1 and the
second dam D2 may be positioned 1n order for them to be

provided near the display area (DA). The first dam D1 and
the second dam D2 may be positioned 1n the peripheral area
(LA) and may be positioned on the bufler layer (BF).

The first dam D1 may include a first-1 sub-dam (D1-a), a
first-2 sub-dam (D1-b), and a first-3 sub-dam (D1-¢). The

first-1 sub-dam (D1-a) may be positioned on a same layer as
the second organic insulating layer ILS positioned in the
display area (DA), and may include a same material. The
first-1 sub-dam (D1-a) may be formed in the same process

as that of the second organic insulating layer IL5 positioned
in the display area (DA). The first-2 sub-dam (D1-5) may be
positioned on the same layer as the partition wall 1L6
positioned 1n the display area (DA), and may include the
same material. The first-2 sub-dam (D1-5) may be formed 1n
the same process as that of the partition wall IL6 positioned
in the display area (DA). The first-3 sub-dam (D1-¢) may be
positioned on the same layer as the spacer IL7 positioned in
the display area (DA), and may include the same material.
The first-3 sub-dam (D1-c¢) may be formed in the same
process as that of the spacer IL7 positioned 1n the display
area (DA).

The second dam D2 may include a second-1 sub-dam
(D2-a), a second-2 sub-dam (D2-b), a second-3 sub-dam
(D2-c), and a second-4 sub-dam (D2-d). The second-1
sub-dam (ID2-a) may be positioned on the same layer as the
first organic insulating layer IL4 positioned in the display
area (DA), and may include the same material. The second-1
sub-dam (D2-a) may be formed in the same process as that
of the first organic insulating layer 1L4 positioned in the
display area (DA). The second-2 sub-dam (D2-5) may be
positioned on the same layer as the second organic insulating,
layer IL5 positioned in the display area (DA), and may
include the same material. The second-2 sub-dam (D2-b)
may be formed 1n the same process as that of the second
organic insulating layer IL5 positioned 1n the display area
(DA). The second-3 sub-dam (D2-¢) may be positioned on
the same layer as the partition wall IL6 positioned 1n the
display area (DA), and may include the same material. The
second-3 sub-dam (D2-¢) may be formed in the same
process as that of the partition wall IL6 positioned in the
display area (DA). The second-4 sub-dam (D2-d) may be
positioned on the same layer as the spacer IL7 positioned in
the display area (DA), and may include the same material.
The second-4 sub-dam (D2-d) may be formed 1n the same
process as that of the spacer IL7 positioned in the display
area (DA).

The present embodiment illustrates that the first dam D1
has a triple layer structure and the second dam D2 has a
quadruple layer structure. They are, however, not limited
thereto, and the first dam D1 may have a quadruple layer
structure and the second dam D2 may have a triple layer
structure (1.€., their positions may be changed), the first dam
D1 and the second dam D2 may have a triple layer structure,
or the first dam D1 and the second dam D2 may have a
quadruple layer structure. A double layer dam including part
of the above-noted sub-dam may also be provided. The
present specification 1llustrates an embodiment 1n which two
dams D1 and D2 are positioned in the peripheral area (LA),
and without being limited to the number, two or more dams
may be positioned in the peripheral area (LA).
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As shown 1n FIG. 4, the dams D1 and D2 may have a ring
shape surrounding the opening area (DTA) 1n a plan view.
This 1s, however, merely an example, and the first dam D1
and the second dam D2 may have different shapes from the
opening area (DTA). For example, the first dam D1 and the
second dam D2 may have a closed line shape including a
polygon, an oval, or at least a partial curved line, or may be
provided 1n a shape including a plurality of patterns that are
partly disconnected, and 1t 1s not limited to one embodiment.

An intermediate layer (EL) and a second electrode (E2)
may be positioned on the dams D1 and D2. The intermediate
layer (EL) and the second electrode (E2) may extend to part
of the peripheral area (LA) from the display area (DA). That
1s, the intermediate layer (EL) and the second electrode (E2)
positioned 1n the display area (DA) may extend to the dams
D1 and D2.

The intermediate layer (EL) and the second electrode (E2)
positioned on the dams D1 and D2 do not extend onto the
inorganic pattern portion (10P). The intermediate layer (EL)
positioned on the dams D1 and D2 and the intermediate
layer (EL) positioned on the inorganic pattern portion (I10P)
are not connected to each other but are separated from each
other. The second electrode (E2) may be positioned on the
dams D1 and D2, and not on the morganic pattern portion
(I0P). Therefore, when foreign particles are mput through
the opening area (D'TA), they are prevented from permeating
into the display area (DA) through the intermediate layer
(EL) or the second electrode (E2), so reliability of the
display device may be improved.

A first encapsulation morganic layer FIL1 extending from
the display area (DA) may be positioned in the peripheral
area (LA). The first encapsulation imnorganic layer EIL1 may
be positioned on the second electrode (E2). The first encap-
sulation 1morganic layer EIL1 overlapping the dams D1 and
D2 may contact the second electrode (E2). The first encap-
sulation morganic layer EIL1 may be positioned on the
inorganic pattern portion (10P). The intermediate layer (EL)
1s positioned on the morganic pattern portion (I0P), and the
second electrode (E2) 1s not positioned thereon. Therefore,
the first encapsulation 1norganic layer FIL1 overlapping the
inorganic pattern portion (I0P) may contact the intermediate
layer (EL).

The encapsulation organic layer (EOL) positioned on the
display area (DA) may extend to part of the peripheral area
(LA). An end of the encapsulation organic layer (EOL) may
reach the first dam D1. The encapsulation organic layer
(EOL) may partially overlap the first dam D1. The first dam
D1 may control spreading of a material in the process for
forming the encapsulation organic layer (EOL). The encap-
sulation organic layer (EOL) may have a shape for filling a
pace between the end of the display area (DA) and the first
dam D1.

A second encapsulation morganic layer EIL2 overlapping
a front surface of the substrate (SUB) may be positioned on
the encapsulation organic layer (EOL). That 1s, the second
encapsulation norganic layer EIL2 may extend to the
peripheral area (LA) from the display area (DA). The second
encapsulation 1norganic layer EIL2 may contact the encap-
sulation organic layer (EOL) 1n a region, and it may contact
the first encapsulation norganic layer EIL1 in another
region. The second encapsulation inorganic layer EIL2
overlapping the dams D1 and D2 and the inorganic pattern
portion (I0P) may contact the first encapsulation inorganic
layer EIL1.

The above-noted first electronic module EM1 may be
inserted in the region overlapping the opeming area (DTA).
An mside of the opening area (D'TA) may be defined by ends
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of the substrate (SUB), the bufler layer (BF), the first
encapsulation inorganic layer EIL1, and the second encap-
sulation morganic layer EIL2. Lateral surfaces of the ends of
the substrate (SUB), the bufler layer (BF), the first encap-
sulation 1norganic layer FIL1, and the second encapsulation
inorganic layer EIL2 are arranged with respect to each other
to configure the opening area (DTA). They are not limited
thereto, and 1t 1s obvious that some of the constituent
clements may be omitted or added to form a boundary of the
opening area (DTA).

A method for manufacturing a display device according to
an embodiment will now be described with reference to FIG.
7 to FIG. 12.

FIG. 7 to FIG. 12 show processing cross-sectional views
of a process for manufacturing a display device according to
an embodiment. Descriptions of the above-described con-
stituent elements will be omaitted.

As shown in FIG. 7, a transistor (Ir) overlapping the
display area (DA) and positioned on the substrate (SUB) and
a first electrode (E1) connected to the transistor (Ir) are
formed. An isulating layer 1s formed among respective
layers configuring the transistor (1r) and between the tran-
sistor (Ir) and the first electrode (E1). The insulating layer
may include a first morganic insulating layer ILL a second
inorganic insulating layer 1L.2, a third mmorganic insulating
layer 113, a first organic insulating layer 1.4, and a second
organic insulating layer ILS.

While the first morganic insulating layer 11 and the
second 1norganic 1nsulating layer IL2 are formed, an 1nor-
ganic pattern portion (1I0P) may be formed 1n the peripheral
area (LA) of the substrate (SUB) and the opening area
(DTA). The morganic pattern portion (I0OP) positioned 1n the
opening area (DTA) may be removed together with the
substrate (SUB), which will be described 1n a later portion
of the present specification. Therefore, the inorganic pattern
portion (I0P) may be formed 1n the peripheral area (LA) and
not 1n the opening area (DTA). However, when considering,
errors of a laser beam 1rradiated position and an opening area
(DTA) formed position, as shown in FIG. 7, an 1inorganic
pattern portion (IOP) may be formed in the opening area
(DTA). As described above, the inorganic pattern portion
(IOP) may include a plurality of 1inorganic patterns 500, and
cach 1norganic pattern 500 may include a first 1norganic
pattern layer 510 and a second inorganic pattern layer 520.
The first morganic pattern layer 510 may be formed when
the first inorganic insulating layer 111 1s formed, and the
second 1norganic pattern layer 520 may be formed when the
second 1norganic msulating layer IL.2 1s formed.

The respective layers configuring the transistor ('Ir) and
the first electrode (E1) may be formed by depositing a
conductive material such as a metal or a metal oxide and
patterning the conductive material by a photo and etching
process. In the process for depositing and patterning the
conductive material, a sacrificial layer 550 may be formed
on the substrate (SUB) provided near the lateral surface of
the 1norganic pattern portion (I10P) and the lateral surface of
the 1norganic pattern portion (IOP). The inorganic pattern
portion (IOP) may have a lateral surface that 1s substantially
perpendicular to the substrate (SUB), and the conductive
material contacting the lateral surface of the inorganic
pattern portion (IOP) may not be completely removed but
remains in the patterning process, and this may become the
sacrificial layer 550. Therefore, at least part of the sacrificial
layer 550 may be made of the same material as the electrode
of the transistor (Ir) or the first electrode (E1). For example,
the sacrificial layer 550 may be made of the same material
as that of at least one of the gate electrode (GE), the source
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clectrode (SE), the drain electrode (DE), the connecting
member (CE), and the first electrode (E1). The sacrificial
layer 550 may be made of a plurality of materials. For
example, the sacrificial layer 550 may be made of the same
material as the gate electrode (GE) and the source electrode
(SE).

The sacrificial layer 550 may have a cross-sectional shape
having a predetermined taper angle with respect to the
substrate (SUB). The sacrificial layer 350 may have a
cross-sectional shape of which the width i1s gradually
reduced as 1t becomes distant from the substrate (SUB). The
cross-sectional shape of the sacrificial layer 550 may sub-
stantially be triangular, and it may form a right triangle.

A partition wall IL6 and a spacer 1L7 may be formed on
the first electrode (E1). The partition wall IL6 may include
an opening for exposing at least part of the first electrode
(E1). A first dam D1 and a second dam D2 may be formed
in the peripheral area (LA). The first dam D1 and the second
dam D2 may have a multi-layered structure including an
organic materal.

As shown in FIG. 8, the intermediate material layer
(EL-a) and the second electrode material layer (E2-a) over-
lapping the front surface of the substrate (SUB) are formed
by using a deposition process. The intermediate material
layer (EL-a) and the second electrode material layer (E2-a)
may extend to the peripheral area (LA) and may be formed
on the front surface of the substrate (SUB).

As shown 1n FIG. 9, laser beams are 1rradiated to part of
the peripheral area (LA). In this instance, the laser beams
may be 1rradiated corresponding to the portion 1n which the
inorganic pattern portion (IOP) 1s positioned. Laser beams
with diflerent energy densities (ED) may be 1rradiated to a
region (IRA) according to an embodiment. For example,
laser beams with relatively high energy density may be
irradiated to a region in which the sacrificial layer 350 1s
positioned, and laser beams with relatively low energy
density may be 1rradiated to another region.

The sacrificial layer 550 1s positioned near the lateral
surfaces of the respective inorganic patterns 300 on the
portion 1n which the inorganic pattern portion (IOP) 1s
positioned, and the sacrificial layer 550 may be separated
from the substrate (SUB) and the bufler layer (BF) by the
laser beam irradiating process, as shown 1n FIG. 10. The
sacrificial layer 550 1s separated from the substrate (SUB) by
laser ablation, and the intermediate material layer (EL-a) and
the second electrode material layer (E2-a) positioned on the
sacrificial layer 350 may also be separated from the substrate
(SUB). Further, the second electrode material layer (E2-a)
on which the sacrificial layer 550 i1s not positioned and
which 1s positioned 1n the region to which the laser beams
are 1rradiated may also be separated from the substrate
(SUB).

The layer made of a metal material may be separated from
the substrate (SUB) by iwrradiation of laser beams. The
sacrificial layer 550 includes a metal matenal, so 1t may be
separated from the substrate (SUB) by irradiation of laser
beams. The intermediate matenal layer (EL-a) includes no
metal matenal, but the mtermediate material layer (EL-a)
positioned on the sacrificial layer 550 may be separated
together when the sacrificial layer 550 1s separated from the
substrate (SUB). The second electrode material layer (E2-a)
includes the metal matenal, so 1t may be separated from the
substrate (SUB) by 1rradiation of laser beams.

When the sacrficial layer 550 and the intermediate mate-
rial layer (EL-a) and the second electrode matenal layer
(E2-a) positioned thereon are removed by using the laser
beam irradiating process, as shown 1n FIG. 11, the remaining
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intermediate material layer (EL-a) becomes the intermediate
layer (EL), and the remaining second electrode material
layer (E2-a) becomes the second electrode (E2). In the
display area (DA), the first electrode (E1), the intermediate
layer (EL), and the second electrode (E2) may configure a
light-emitting device (LD). The intermediate layer (EL) and
the second electrode (E2) may extend to part of the periph-
eral area (LA), and may be positioned on the first dam D1
and the second dam D2.

The ntermediate layer (EL) may be positioned on the
upper surface of each iorganic pattern 500 of the morganic
pattern portion (IOP). The intermediate layer (EL) posi-
tioned on the iorganic pattern portion (IOP) 1s not con-
nected to the mtermediate layer (EL) positioned in the
display area (DA) and 1s separated therefrom. The interme-
diate layers (EL) positioned on the respective inorganic
patterns 500 are not connected to each other but are sepa-
rated from each other. The imntermediate layer (EL) may not
be positioned on the lateral surface of each inorganic pattern
500. The mtermediate layer (EL) may not be positioned
among the adjacent 1morganic patterns 500. Without being
limited thereto, as shown 1n FIG. 6C, the intermediate layer
(EL) may remain in a region among the adjacent inorganic
patterns 500. In this instance, the intermediate layer (EL)
may remain 1n the region among some of the inorganic
patterns 500, and the mtermediate layer (EL) may not
remain 1n a region among other morganic patterns 500. The
intermediate layer (EL) positioned on the inorganic pattern
500 1s not connected to the intermediate layer (EL) posi-
tioned among the inorganic patterns 500 and they are
separated from each other.

The second electrode (E2) 1s not positioned on the 1nor-
ganic pattern portion (IOP). That 1s, the second electrode
(E2) 1s not positioned on the intermediate layer (EL) over-
lapping the 1norganic pattern portion (IOP). Therefore, the
second electrode (E2) does not overlap the inorganic pattern
portion (IOP).

As shown 1n FIG. 12, a first encapsulation mnorganic layer
EIL1 may be positioned on the front surface of the substrate
(SUB). The encapsulation organic layer (EOL) may be
positioned on part of the peripheral areca (LA) while over-
lapping the display area (DA). A liquefied organic material
may be prevented from being spread by the dams D1 and D2
in the process for forming an encapsulation organic layer
(EOL). The encapsulation organic layer (EOL) may be
formed by an imkjet method for coating a liquefied organic

material on the first encapsulation inorganic layer FIL1. In
this instance, the dams D1 and D2 set a boundary of the
region 1 which the liquefied organic material 1s coated and
prevent the liquefied organic material from overflowing to
the outside of the dams D1 and D2. A second encapsulation
inorganic layer EIL2 may be positioned on the encapsulation
organic layer (EOL) to overlap the front surface of the
substrate (SUB). The first encapsulation iorganic layer
EIL1 and the second encapsulation inorganic layer EIL2
may contact each other 1n the peripheral area (LA).

An opening area (DTA) 1s formed to have a structure
shown 1n FIG. 6 A. The opening area (DTA) may be formed
by penetrating the display panel. The opening area (DTA)
may be formed by a laser or drilling process. The above-
described first electronic module may be mounted in the
opening areca (DTA). The opening areca (DTA) may be
formed on an inside on which lateral surfaces of the respec-
tive ends of the substrate (SUB), the bufler layer (BF), the
first encapsulation morganic layer EIL1, and the second
encapsulation morganic layer EIL2 are arranged.

10

15

20

25

30

35

40

45

50

55

60

65

22

A realized case of a display device according to an
embodiment will now be described with reference to FIG. 13
to FIG. 15.

FIG. 13 shows a top plan view ol an inorganic pattern
portion of a display device according to an embodiment;
FIG. 14 shows a cross-sectional view of an inorganic pattern
portion of a display device according to an embodiment; and
FIG. 15 shows a cross-sectional view of an enlarged portion
of FIG. 14. FIG. 15 shows an enlarged portion (BD)
positioned on a boundary between a laser beam irradiated
area (IRA) and a laser beam non-irradiated area (NRA) 1n
FIG. 14.

As shown 1n FIG. 13 to FIG. 15, the inorganic pattern
portion may include a plurality of inorganic patterns 500
spaced apart from each other with a predetermined interval.
The 1norganic pattern portion may be divided into a laser
beam irradiated area (IRA) and a laser beam non-irradiated
area (NRA) with reference to the rradiation of laser beams.
The intermediate layer (EL) and the second electrode may
be positioned entirely 1n the laser beam non-irradiated area
(NRA). Referring to a portion P02 shown in FIG. 14 and
FIG. 15, it 1s found that the intermediate layer (EL) posi-
tioned on the inorganic pattern 500 and the intermediate
layer (EL) positioned among the inorganic patterns 500 are
connected to each other 1n the laser beam non-1rradiated area
(NRA). The mtermediate layer (EL) may be positioned 1n a
predetermined region, and the second electrode (E2) may
not be positioned 1n the laser beam irradiated area (IRA).
Referring to a portion P01 shown in FIG. 14 and FIG. 15, 1t
1s Tound that the intermediate layer (EL) positioned on the
inorganic pattern 500 and the imtermediate layer (EL) posi-
tioned among the morganic patterns 500 are separated from
cach other 1n the laser beam irradiated area (IRA)

That 1s, as the itermediate layer (EL) positioned on a
lower portion of the lateral surface of the inorganic pattern
500 1s removed by 1rradiation of laser beams, the connection
between the intermediate layer (EL) positioned on the
inorganic pattern 500 and the mtermediate layer (EL) posi-
tioned among the 1norganic patterns 500 1s no longer main-
tamned. The intermediate layer (EL) positioned among the
inorganic patterns 500 1s shown to mostly remain, and
without being limited thereto, the intermediate layer (EL)
positioned among the inorganic patterns 500 may be
removed altogether. For example, 1n the case in which the
gap among the morganic patterns 500 1s relatively narrow,
the mntermediate layer (EL) positioned among the inorganic
patterns 500 may be removed when the gap 1s about 2 um.
For example, in the case in which the gap among the
inorganic patterns 500 1s relatively wide, the intermediate
layer (EL) positioned among the inorganic patterns 300 may
remain when the gap 1s about 10 um.

A display device according to an embodiment will now be
described with reference to FIG. 16 and FIG. 17.

The display device according to an embodiment shown 1n
FIG. 16 and FIG. 17 mostly corresponds to the display
device according to an embodiment shown i FIG. 1 to FIG.
6, so descriptions of the same portions will be not be
repeated. The 1norganic pattern portion 1s configured with
triple layers according to the present embodiment, which 1s
different from the previous embodiment and which will now
be further described.

FIG. 16 shows a cross-sectional view of a display device
according to an embodiment, and FIG. 17 shows a cross-
sectional view of some stages 1n a process for manufacturing,
a display device according to an embodiment.

As shown 1n FIG. 16, the display device according to an
embodiment 1ncludes a substrate (SUB), a transistor (1r)
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positioned 1n the display area (DA) of the substrate (SUB),
a first electrode (E1) connected to the transistor (Ir), a
second electrode (E2) positioned on the first electrode (E1),
and an intermediate layer (EL) positioned between the first
clectrode (E1) and the second electrode (E2).

The display device further includes an morganic pattern
portion (I10P) positioned 1n the peripheral area (LA), and the
inorganic pattern portion (IOP) includes a plurality of 1nor-
ganic patterns 500. The intermediate layer (EL) may also be
positioned on the inorganic pattern portion (IOP). The
intermediate layer (EL) may be positioned on the upper
surface of each inorganic pattern 500, and not on the lateral
surface of the iorganic pattern 500. Therefore, the inter-
mediate layers (EL) positioned on the respective mnorganic
patterns 500 are separated from each other. Further, the
intermediate layer (EL) may not be positioned among the
morganic patterns 500. The second electrode (E2) 1s not
positioned on the morganic pattern portion (I0P).

Each inorganic pattern 300 may be configured to be
double layers in the previous embodiment, and each 1nor-
ganic pattern 500 may be configured to be triple layers 1n the
present embodiment. The mnorganic pattern 500 may include
a first inorganic pattern layer 510, a second 1norganic pattern
layer 520, and a third inorganic pattern layer 530. The
second morganic pattern layer 520 may be positioned on the
first 1norganic pattern layer 510, and the third inorganic
pattern layer 330 may be positioned on the second 1norganic
pattern layer 520.

The first 1norganic pattern layer 510 may be made of the
same material as the first inorganic msulating layer IL1. The
first 1norganic pattern layer 510 may be simultaneously
formed 1n the same process as that of the first morganic
insulating layer 1L.1. The first inorganic pattern layer 510 1s
not connected to the first mnorganic msulating layer IL1. The
second 1norganic pattern layer 520 may be made of the same
material as the second inorganic insulating layer I1L2. The
second 1norganic pattern layer 520 may be simultaneously
formed in the same process as that of the second norganic
insulating layer I1L2. The second 1norganic pattern layer 520
1s not connected to the second 1norganic isulating layer 11.2
and 1s separated therefrom. The third inorganic pattern layer
530 may be made of the same material as the third inorganic
insulating layer IL.3. The third inorganic pattern layer 530

may be simultaneously formed in the same process as that of

the third 1inorganic insulating layer 11.3. The third inorganic
pattern layer 530 1s not connected to the third inorganic
insulating layer IL3 and 1s separated therefrom. The mate-
rials of the first mnorganic pattern layer 510, the second
inorganic pattern layer 520, and the third inorganic pattern
layer 530 are not limited thereto, and may be changed 1n
many ways.

Regarding the process for manufacturing a display device
according to an embodiment, the first inorganic pattern layer
510 may be formed when the first inorganic insulating layer
IL1 1s formed, as shown in FIG. 17. The second inorganic
pattern layer 520 may be formed when the second 1norganic
insulating layer IL2 i1s formed, and the third inorganic
pattern layer 530 may be formed when the third norganic
insulating layer 1L3 1s formed.

Also, a sacrificial layer 550 may be formed on the
substrate (SUB) provided near the lateral surface of the
inorganic pattern portion (IOP) and the lateral surface of the
inorganic pattern portion (IOP) when a conductive material
1s patterned so as to form the respective layers configuring
the transistor (Ir) and the first electrode (E1). The sacrificial
layer 550 may at least partly include the same material as the
gate electrode of the transistor (Ir) and the source/drain
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clectrode or the first electrode (E1). The sacrificial layer 550
may have a cross-sectional shape having a predetermined
taper angle with respect to the substrate (SUB).

An intermediate material layer and a second electrode
material layer are formed entirely on the substrate (SUB),
and the sacrificial layer 550 may be separated from the
substrate (SUB) by 1rradiating laser beams to the portion on
which the inorganic pattern portion (I0OP) i1s positioned.
Accordingly, the intermediate material layer positioned on
the sacrificial layer 550 may be removed. The intermediate
layer (EL) remains on the upper surface of each inorganic
pattern 500 of the inorganic pattern portion (IOP). The
second electrode matenial layer positioned on the portion to
which the laser beams are irradiated may be removed.

Regarding the display device according to an embodi-
ment, the intermediate layer (EL) positioned in the display
area and the intermediate layer (EL) positioned on the
inorganic pattern portion (I0OP) are not connected to each
other, and they are separated from each other. The second
clectrode (E2) positioned in the display area 1s not posi-
tioned on the inorganic pattern portion (IOP). Therefore,
when foreign particles are iput through the opening area
(DTA), they are prevented from permeating 1nto the display
area (DA) through the intermediate layer (EL) or the second
clectrode (E2), so reliability of the display device may be
improved.

A display device according to an embodiment will now be
described with reference to FIG. 18 and FIG. 19.

The display device according to an embodiment shown 1n
FIG. 18 and FIG. 19 mostly corresponds to the display
device according to an embodiment shown 1n FIG. 16 and
FIG. 17, so descriptions of the same portions will not be
repeated. The 1norganic pattern portion has a reverse taper
shape according to the present embodiment, which 1s dif-
terent from the previous embodiment, and which will now
be described.

FIG. 18 shows a cross-sectional view of a display device
according to an embodiment, and FIG. 19 shows a cross-
sectional view of some stages 1n a process for manufacturing,
a display device according to an embodiment.

As shown 1 FIG. 18, the display device includes a
substrate (SUB), a transistor ('Ir) positioned in the display
area (DA) of the substrate (SUB), a first electrode (E1)
connected to the transistor (1Ir), a second electrode (E2)
positioned on the first electrode (F1), and an intermediate
layer (EL) positioned between the first electrode (E1) and
the second electrode (E2).

The display device further includes an morganic pattern
portion (I0P) positioned 1n the peripheral area (LA), and the
inorganic pattern portion (IOP) includes a plurality of 1nor-
ganic patterns 500. The intermediate layer (EL) may also be
positioned on the inorganic pattern portion (IOP). The
intermediate layer (EL) may be positioned on the upper
surface of each 1norganic pattern 500, and not on the lateral
surface of the inorganic pattern 500. Therefore, the inter-
mediate layers (EL) positioned on each inorganic pattern
500 are separated from each other. The mtermediate layer
(EL) may not be positioned among the inorganic patterns
500. The second electrode (E2) 1s not positioned on the
inorganic pattern portion (I0OP).

The lateral surface of the morganic pattern 500 may be
formed to be substantially perpendicular to the upper surface
of the substrate (SUB) in the previous embodiment, and the
lateral surface of the inorganic pattern 500 may have a
reverse taper shape in the present embodiment. That 1s, the
width of the iorganic pattern 500 may increase as it
becomes distant from the substrate (SUB). The width of the
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second 1norganic pattern layer 520 may be greater than the
width of the first mnorganic pattern layer 510, and the width
of the third morganic pattern layer 530 may be greater than
the width of the second inorganic pattern layer 520. The
lateral surfaces of the first inorganic insulating layer ILL the
second mnorganic insulating layer 1.2, and the third inor-
ganic insulating layer I1L3 may also have a reverse taper
shape.

Regarding the process for manufacturing a display device
according to an embodiment, as shown 1n FIG. 19, the first
inorganic pattern layer 510 may be formed when the first
inorganic msulating layer IL1 1s formed. The second 1nor-
ganic pattern layer 520 may be formed when the second
inorganic insulating layer IL.2 1s formed, and the third
inorganic pattern layer 330 may be formed when the third
inorganic insulating layer 1.3 1s formed. The lateral surfaces
of the first morganic msulating layer ILL the second 1nor-
ganic insulating layer 112, and the third mnorganic imsulating
layer 1.3 may have a reverse taper shape by using a method
for increasing a time for performing an etching process of
the first inorganic insulating layer 111, the second inorganic
insulating layer 1.2, and the third inorganic isulating layer
IL.3. Accordingly, the lateral surface of the inorganic pattern
500 may also have a reverse taper shape.

In addition, a sacrificial layer 550 may be formed on the
substrate (SUB) provided near the lateral surface of the
inorganic pattern portion (IOP) and the lateral surface of the
inorganic pattern portion (I0OP) in the process for patterning
a conductive material so as to form the respective layers of
the transistor (Tr) and the first electrode (E1). The sacrificial
layer 550 may at least partly include the same material as the
gate electrode of the transistor (Ir) and the source/drain
clectrode or the first electrode (E1). The sacrificial layer 550
may have a cross-sectional shape having a predetermined
taper angle with respect to the substrate (SUB). The 1nor-
ganic pattern 300 has a reverse taper shape, and the sacri-
ficial layer 550 contacts the lateral surface of the morganic
pattern 500, so the morganic pattern 500 may cover at least
part of the sacrificial layer 550.

An intermediate material layer and a second electrode
maternial layer are formed entirely on the substrate (SUB),
and the sacrificial layer 550 may be separated from the
substrate (SUB) by 1rradiating laser beams to the portion on
which the inorganic pattern portion (IOP) 1s positioned.
Accordingly, the imntermediate material layer positioned on
the sacrificial layer 550 may be removed. The intermediate
layer (EL) remains on the upper surface of each mmorganic
pattern 500 of the inorganic pattern portion (IOP). The
second electrode material layer positioned on the portion to
which the laser beams are 1rradiated may be removed.

Regarding the display device according to an embodi-
ment, the intermediate layer (EL) positioned 1n the display
area and the intermediate layer (EL) positioned on the
inorganic pattern portion (IOP) are not connected to each
other, and they are separated from each other. The second
clectrode (E2) positioned in the display area 1s not posi-
tioned on the inorganic pattern portion (IOP). Therefore,
when foreign particles are mput through the opening area
(DTA), they are prevented from permeating 1nto the display
area (DA) through the intermediate layer (EL) or the second
clectrode (E2), so reliability of the display device may be
improved.

A display device according to an embodiment will now be

described with reference to FIG. 20A, FIG. 20B, and FIG.
21.
The display device according to an embodiment shown in

FIG. 20A, FIG. 20B, and FIG. 21 mostly corresponds to the
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display device according to an embodiment shown 1n FIG.
16 and FIG. 17, so the same descriptions will not be
repeated. The present embodiment 1s different from the
previous embodiment 1n that the intermediate layer 1s sepa-
rated 1n another region as well as the inorganic pattern
portion, which will now be described.

FIG. 20A shows a cross-sectional view of a display device
according to an embodiment; FIG. 20B shows a cross-
sectional view of an enlarged portion of FIG. 20A; and FIG.
21 shows a cross-sectional view of some stages 1n a process
for manufacturing a display device according to an embodi-
ment.

As shown 1 FIG. 20A, the display device according to an
embodiment includes a substrate (SUB), a transistor (1r)
positioned 1n the display area (DA) of the substrate (SUB),
a first electrode (E1) connected to the transistor (Ir), a
second electrode (E2) positioned on the first electrode (E1),
and an intermediate layer (EL) positioned between the first
clectrode (E1) and the second electrode (E2).

Referring to FIG. 20B, the display device further includes
an morganic pattern portion (IOP) positioned 1n the periph-
eral areca (LA), and the inorganic pattern portion (IOP)
includes a plurality of morganic patterns 500. The interme-
diate layer (EL) may also be positioned on the mnorganic
pattern portion (IOP). The intermediate layer (EL) may be
positioned on the upper surface of each inorganic pattern
500, and not on the lateral surface of the morganic pattern
500. Therefore, the intermediate layers (EL) positioned on
the respective inorganic patterns S00 are separated from
cach other. Further, the intermediate layer (EL) may not be
positioned among the inorganic patterns 500. The second
clectrode (E2) 1s not positioned on the inorganic pattern
portion (I0P).

In the previous embodiment, the intermediate layer (EL)
1s separated on the inorganic pattern portion (IOP), and 1t
may be connected entirely in other regions. In the present
embodiment, the intermediate layer (EL) may be separated
on the boundary between the display area (DA) and the
peripheral area (LA) as well as the inorganic pattern portion
(IOP). Ends of the first inorganic nsulating layer ILL the
second 1norganic insulating layer 1L2, and the third inor-
ganic msulating layer IL.3 are not covered and are exposed
by the first organic insulating layer 1.4 and the second
organic 1nsulating layer ILS. The lateral surfaces of the ends
of the first mnorganic sulating layer ILL the second 1nor-
ganic msulating layer 112, and the third mnorganic msulating
layer I3 may be aligned with each other, and may be
perpendicular with respect to the upper surface of the
substrate (SUB).

An intermediate layer (EL) may be positioned on the
upper surfaces of the ends of the first inorganic insulating
layer ILL the second inorganic insulating layer 11.2, and the
third 1mnorganic mnsulating layer 1L3. The intermediate layer
(EL) may not be positioned on the lateral surfaces of the
ends of the first 1norganic sulating layer ILL the second
inorganic 1msulating layer 112, and the third inorganic insu-
lating layer IL3. The intermediate layer (EL) may not be
positioned 1n the region near the ends of the first 1norganic
isulating layer ILL the second inorganic insulating layer
IL.2, and the third inorganic insulating layer 1L.3. Therefore,
the itermediate layer (EL) positioned in the display area
(DA) and the intermediate layer (EL) positioned on the dams
D1 and D2 may not be connected to each other and may be
separated from each other.

In a similar manner, a second electrode (E2) may be
positioned on the upper surfaces of the ends of the first
inorganic insulating layer ILL the second 1norganic insulat-
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ing layer 1L.2, and the third inorganic insulating layer I1L3.
The second electrode (E2) may not be positioned on the
lateral surfaces of the ends of the first inorganic msulating
layer ILL the second inorganic insulating layer 1.2, and the
third 1organic insulating layer 1L3. The second electrode
(E2) may not be positioned 1n the region positioned near the
ends of the first 1norganic insulating layer ILL the second
inorganic insulating layer 112, and the third inorganic nsu-
lating layer IL3. Hence, the second electrode (E2) positioned
on the display area (DA) and the second electrode (E2)
positioned on the dams D1 and D2 may not be connected to
cach other and may be separated from each other.

In this instance, the ends of the intermediate layer (EL)
may not correspond to the end of the second electrode (E2).
At least part of the end of the intermediate layer (EL) may
not be covered by the second electrode (E2).

Regarding the process for manufacturing a display device
according to an embodiment, as shown 1n FIG. 21, the first
iorganic pattern layer 510 may be formed when the first
inorganic msulating layer 111 1s formed. The second 1nor-
ganic pattern layer 520 may be formed when the second
inorganic insulating layer 1.2 1s formed, and the third
inorganic pattern layer 530 may be formed when the third
inorganic insulating layer IL3 1s formed.

Also, a sacrificial layer 550 may be formed on the
substrate (SUB) provided near the lateral surface of the
inorganic pattern portion (IOP) and the lateral surface of the
inorganic pattern portion (I0P) when a conductive material
1s patterned so as to form the respective layers configuring
the transistor (Tr) and the first electrode (E1). The sacrificial
layer 550 may also be formed on the lateral surfaces of the
ends of the first 1norganic insulating layer ILL the second
inorganic insulating layer 112, and the third inorganic nsu-
lating layer IL3, and the substrate (SUB) provided near
them. The sacrificial layer 350 may at least partly include the
same material as the gate electrode of the transistor (1r) and
the source/drain electrode or the first electrode (E1).

The first organic insulating layer 1.4 and the second
organic msulating layer ILS may be patterned to not cover
the ends of the first inorganic msulating layer ILL the second
inorganic msulating layer 112, and the third inorganic insu-
lating layer IL3.

An intermediate material layer and a second electrode
maternal layer are formed entirely on the substrate (SUB). In
this instance, the intermediate material layer and the second
clectrode material layer may be formed to cover the sacri-
ficial layer 550 positioned on the ends of the first inorganic
insulating layer ILL the second inorganic insulating layer
IL.2, and the third 1mmorganic insulating layer 11.3. The sac-
rificial layer 550 may be separated from the substrate (SUB)
by 1wrradiating laser beams to the portion i which the
inorganic pattern portion (I0P) 1s positioned and the ends of
the first imnorganic insulating layer ILL the second inorganic
insulating layer IL2, and the third mmorganic insulating layer
IL.3. Accordingly, the intermediate material layer positioned
on the sacrificial layer 550 may be removed. The interme-
diate layer (EL) remains on the upper surface of each
inorganic pattern 500 of the inorganic pattern portion (I0P).
The second electrode matenal layer positioned on the por-
tion to which laser beams are 1rradiated may be removed.

Regarding the display device according to an embodi-
ment, the intermediate layer (EL) positioned 1n the display
area and the intermediate layer (EL) positioned on the dams
D1 and D2 are not connected to each other but are separated
from each other. The imtermediate layer (EL) positioned on
the dams D1 and D2 and the intermediate layer (EL)

positioned on the inorganic pattern portion (IOP) are not
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connected to each other but are separated from each other.
The second electrode (E2) positioned in the display area 1s
not positioned on the morganic pattern portion (IOP). The
second electrode (E2) positioned 1n the display area and the
second electrode (E2) positioned on the dams D1 and D2 are
not connected to each other but are separated from each
other.

Therefore, when foreign particles are mput through the
opening area (DTA), they are prevented from permeating
into the display area (DA) through the intermediate layer
(EL) or the second eclectrode (E2), so reliability of the
display device may be improved.

According to the inventive concepts, the portion 1n which
no emission layer and no common electrode are positioned
1s provided 1n the peripheral area positioned near the open-
ing, thereby preventing the foreign particles from permeat-
ing 1nto the display device through the opening and, as a
result, improving the reliability of the display device.

Although certain embodiments and implementations have
been described herein, other embodiments and modifications
will be apparent from this description. Accordingly, the
inventive concepts are not limited to such embodiments, but
rather to the broader scope of the appended claims and
various obvious modifications and equivalent arrangements
as would be apparent to a person of ordinary skill 1in the art.

What 1s claimed 1s:

1. A display device comprising:

a substrate including a display area, an opening area
positioned in the display area, and a peripheral area
positioned between the opening arca and the display
area;

a transistor positioned in the display area of the substrate;

a first electrode connected to the transistor;

a second electrode positioned on the first electrode;

an 1organic pattern portion positioned in the peripheral
area of the substrate; and

an intermediate layer positioned between the first elec-
trode and the second electrode, and including at least
one organic layer positioned on the inorganic pattern
portion,

wherein:

the 1norganic pattern portion includes a plurality of 1nor-
ganic patterns spaced apart {from each other; and

the second electrode does not overlap the 1norganic pat-
tern portion.

2. The display device of claim 1, wherein the intermediate
layer 1s positioned on an upper surface of the inorganic
pattern portion, and does not extend over a lateral surface of
the 1organic pattern portion.

3. The display device of claim 2, wherein the intermediate
layer 1s not positioned among adjacent inorganic patterns.

4. The display device of claim 2, wherein the intermediate
layer positioned in the display area 1s separated from the
intermediate layer positioned on the inorganic pattern por-
tion.

5. The display device of claim 1, further comprising an
inorganic insulating layer positioned among a plurality of
layers configuring the transistor,

wherein the mnorganic pattern portion includes a same
material as the morganic msulating layer.

6. The display device of claim 5, wherein:

the inorganic insulating layer includes a first morganic
insulating layer and a second inorganic insulating layer;
and

the morganic pattern includes:

a first imnorganic pattern layer including a same material
as the first inorganic nsulating layer; and




US 11,812,633 B2

29

a second 1norganic pattern layer including a same
material as the second inorganic msulating layer.

7. The display device of claim 5, wherein:

the imnorganic nsulating layer includes at least three 1nor-
ganic insulating layers; and

the 1morganic pattern includes at least three inorganic
pattern layers including the same material as the 1nor-
ganic insulating layer.

8. The display device of claim 5, wherein:

an end of the inorganic msulating layer 1s positioned on a
boundary portion between the display area and the
peripheral area; and

the mtermediate layer 1s separated at the end of the
inorganic insulating layer.

9. The display device of claim 8, wherein the intermediate
layer 1s positioned on an upper surface of the end of the
inorganic msulating layer, and 1s not positioned on a lateral
surface of the morganic msulating layer.

10. A display device comprising:

a substrate including a display area, an opening area
positioned 1n the display area, and a peripheral area
positioned between the opening area and the display
area;

a transistor positioned in the display area of the substrate;

a first electrode connected to the transistor;

a second electrode positioned on the first electrode;
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an 1norganic pattern portion positioned in the peripheral

area of the substrate; and

an intermediate layer positioned between the first elec-

trode and the second electrode, and including at least
one organic layer positioned on the inorganic pattern
portion,

wherein:

the 1norganic pattern portion includes a plurality of 1nor-

ganic patterns spaced apart from each other; and

an angle between a lateral surface of the inorganic pattern

and an upper surface of the substrate 1s equal to or
greater than 75 degrees and equal to or less than 120
degrees.

11. The display device of claim 10, wherein the lateral
surface of the morganic pattern 1s perpendicular to the upper
surtace of the substrate.

12. The display device of claim 1, wherein the morganic
pattern has a reverse taper shape.

13. The display device of claim 1, wherein the opening
area overlaps an electronic module.

14. The display device of claim 1, wherein:

the intermediate layer includes an organic function layer;

and

the organic function layer includes at least one of a hole

injection layer, a hole transporting layer, an electron
transporting layer, and an electron 1njection layer.
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